The purpose of this study was to evaluate the outcome of surgical treatment in 16 dogs, depending on the animal's age, body weight, deep pain perception, and time from the onset of neurological symptoms to the consultation with a veterinary neurologist and successive surgery. Sixteen dogs diagnosed with cervical (n = 11) or thoracolumbar (n = 5) disc extrusions underwent spinal surgeries (eleven ventral slots and five hemilaminectomies). The success rate of surgical treatment was 64.3% in dogs with preserved nociception. No association between the animal's age or body weight and the result of surgical treatment was found. A successful surgical outcome was more likely when the symptom-to-surgery time was shorter.
Introduction
Intervertebral disc disease (IVDD) is a very common cause of neurologic dysfunction in dogs (3, 10) . The highest prevalence of Hansen type I disc extrusion occurs in chondrodystrophoid breeds and is typically associated with chondroid degeneration of the nucleus pulposus (11) . The most commonly affected large-breed dogs, in terms of disc extrusion, are Basset Hounds, German Shepherds, Labrador Retrievers, and Doberman Pinschers. The disease was also reported in other breeds of dogs with weight over 20 kg and in crossbreeds (6, 15) . Nuclear extrusions are most commonly recognised between 4-6 years of age in chondrodystrophoid dogs and in older (6-8 year old) non-chondrodystrophoid breeds (12) . Diagnosis of IVDD is based on the anamnesis, detailed clinical and neurological examination, and radiography of selected spinal regions, and is confirmed with myelography, computed tomography myelography (myelo-CT), or magnetic resonance imaging (MRI) (7, 9) . Plain radiography of the vertebral column is helpful in excluding discospondylitis, trauma, or vertebral neoplasia but has limited application in identifying the primary site of disc herniation (12, 17) . Medical or surgical treatment can be applied in dogs with intervertebral disc disease (1, 16, 17) . Pharmacotherapy is usually reserved for ambulatory patients with an acute history of mild signs. Medical treatment consists of cage rest and administration of analgesics and antiinflammatory drugs (14, 16) . Surgical treatment is highly recommended in patients with non-ambulatory paresis or plegia and a lack of improvement after medical treatment combined with progression of neurological signs (13) . A number of spinal surgical decompressive procedures in dogs are used depending on the site and degree of disc extrusion, including ventral slot, hemilaminectomy, pediculectomy, minihemilaminectomy, dorsal laminectomy, fenestration, and lately corpectomy (21, 24) .
The purpose of the study was to evaluate the result of surgical treatment of dogs, depending on the animal's age, body weight, deep pain perception (DPP), and time from the onset of neurological symptoms to the consultation with a veterinary neurologist and surgery.
Material and Methods
Sixteen dogs were diagnosed with cervical (n = 11) or thoracolumbar (n = 5) disc extrusions between January 2010 and October 2011, and underwent spinal surgery. The study group included: four Dachshunds, two Bernese Mountain Dogs, one each of: Beagle, German Shepherd, Boxer, Rottweiler, American Cocker Spaniel, Miniature Pinscher, Bavarian Mountain Scenthound, Cavalier King Charles Spaniel, and Great Dane, and a mixed breed dog. The age of the dogs ranged between 4 and 13 years (average age 8.3 years, median 7.5 years), the body weight was between 3 and 58 kg (average weight 23.1 kg, median 13 kg), and there were nine males and seven females ( Table 1) . After conducting a detailed clinical and neurological examination all dogs were qualified for decompressive surgery. The neurological examination was performed according to a standard protocol in order to establish the neuroanatomical localisation of the lesion. Based on the neurological examination, the dogs were classified into three groups depending on the site of the lesion: C1-C5 (cervical segment lesion), C6-Th2 (cervicothoracic), or Th3-L3 (thoracolumbar area). A modified numerical Frankel spinal cord injury score (14) was used for evaluation of the severity of neurological dysfunction. The dogs were classified as having paraplegia or tetraplegia with no deep nociception (grade 0), paraplegia or tetraplegia with nociception (grade 1), non-ambulatory paraparesis or tetraparesis (grade 2), ambulatory paraparesis or tetraparesis (grade 3), spinal ataxia (grade 4), or only spinal hyperaesthesia (grade 5). The presumptive diagnosis was confirmed by myelography ( Fig. 1) in seven (43.8%) dogs and by MRI (Fig. 2) in nine (56.2%). Eleven dogs underwent spinal surgery using the ventral slot technique in the cervical and cervicothoracic area and five had an operation in the thoracolumbar area using hemilaminectomy. The surgery was performed by a well-qualified operating team, consisting of a surgeon with over 30 years of experience in spinal surgery and a board-certified veterinary neurologist. For all animal patients the time between the onset of neurological signs and surgery (symptom-to-surgery time -"s-s time") was recorded. It was calculated as a sum of: a) "symptom-to-visit time" -the period between the onset of neurological dysfunction and the visit to a veterinary neurologist and b) "visit-to-surgery time" -time between the consultation and surgical procedure. One month after surgery the neurological status was re-evaluated in order to establish the effectiveness of surgical treatment. The dogs were classified into five groups depending on their neurological status: "3"-complete recovery, normal gait, "2"-significant improvement with minor deficit, "1"-mild improvement, "0"-lack of improvement, "-1"-deterioration. Only dogs with intact deep pain perception were included in the statistical analysis. Grades "1", "2", and "3" were considered as a "successful outcome", whereas grades "0" and "-1" were categorised as an "unsuccessful outcome". The Spearman rank test was used to evaluate associations between outcome ("successful" or "unsuccessful") and the s-s time, as well as the animals' age and body weights. For all analyses, the statistical significance was set at P < 0.05.
Results
The time between the onset of neurological signs and the visit to a veterinary neurologist ranged between 1 and 65 d (average 18 d, median 13 d). According to the neuroanatomical localisation, four (25%) dogs had C1-C5 disc disease, seven (43.8%) had a lesion at the C6-Th2 level, and in five (31.2%) dogs the lesion was localised at the thoracolumbar (Th3-L3) level. The spectrum of neurological signs observed in each group is summarised in Table 1 .
The neurological sign severity was assessed as grade "0" in two (12.5%) dogs, two (12.5%) dogs were evaluated as grade "1", and two (12.5 %) were classified as grade "2". Six (37.5%) dogs were rated as grade "3" and four (25%) dogs presented only with spinal ataxia (grade "4"). None of the patients which underwent surgery was classified as grade "5". The imaging diagnostics confirmed the disc extrusion in Th 6-7 in one case, Th12-13-L1 in one case, Th13-L1-2 in one case, L1-2 in one case, L2-3 in one case, C2-3 in one case, C3-4 in one case, C4-5 in two cases, C5-6 in five cases, and C6-7 in two cases. The visit-to-surgery time varied from 1 to 120 d (average 20 d, median 10 d), and the symptom-to-surgery time ranged between 2 and 150 d (average 38 d, median 23 d). The positive outcomes of surgical treatment comprised 10 (62.5%) cases, where the post-surgical improvement was rated as to grade "3" in three (18.75%) dogs, to grade "2" in four (25%) dogs, and to grade "1" in three (18.75%) dogs. Lack of improvement (grade "0") was observed in three (18.75%) patients and deterioration of neurological status also in three (18.75%) dogs. The results and data for individual animals are presented in Table 2 .
Statistical dependence was found only between the surgery outcome and the s-s time with a correlation coefficient R= -0.42. No associations were found between the success of the surgical treatment and the animals' age or body weight.
Discussion
The success rates of surgical treatment of thoracolumbar IVDD with intact DPP according to different authors who described the same surgical technique and a similar clinical classification were 86% (9), 89% (19) , and 86% (8). Previous reports (11) showed that the success rate ranged between 72% and 100%. Scott and McKee (20) reported 62% successful cases in a group of 34 dogs without nociception. In our study the success rate of surgical treatment was 62.5% for all dogs and 64.3% only for dogs with preserved nociception. Factors that could influence the success rate in this study are: heterogeneity of the analysed group (chondrodystrophoid and non-chondrodystrophoid breeds), loss of deep pain perception before surgery in two animals, the use of two different surgical procedures (because of three different neuroanatomical localisations of IVDD), and a variable duration of clinical signs prior to surgery. Although it has been thought that loss of deep pain signifies poor prognosis for the animal, recent reports suggest that the prognosis may be much better than previously reported (1, 20) . In our study, two cases of complete loss of nociception following thoracolumbar intervertebral disc disease were described. One month after surgery, the outcome in a Dachshund was evaluated as grade "0" and in a Bernese Mountain Dog as "1" (which means a reappearance of deep pain sensation in this dog). It was reported that the recovery of para-or tetraplegic dogs with no deep pain may take much longer than dogs with preserved DPP and could last up to six months (1) . Moreover, in this study it was showed that the most sensitive indicator of functional recovery in clinical cases of neurologically complete canine paraplegia is the reappearance of deep pain sensation within two weeks of surgical decompression. On this basis, it can be concluded that with appropriate care and rehabilitation, the prognosis in case 1 is proper and the dog should be re-evaluated at three and six months after surgery. Dog 4 underwent surgery 48 h after symptoms appeared but it was relatively young, and lack of improvement within a month after hemilaminectomy makes the prognosis poor in this case. Statistical analysis showed no association between the outcome of surgical treatment and body weight or age. However, the best results of surgical treatment (grade "3") were achieved in cases where the patient body mass was less than 10 kg (cases 3, 10, 13). It has been reported that the mean time from surgery to ambulation in nonambulatory small breed dogs was 10 to 13 d (8, 9) , in contrast to large breed dogs, where the mean time to ambulation was 49 d (6) . However, some authors did not notice a significant influence of body mass on the success rate (8, 19) . Cudia et al. (6) noticed that the time to ambulation also increased with patient age. Two studies showed that a successful outcome in large breed dogs was associated with younger individuals (6, 15) . This relationship was not found in a more heterogenous group of dogs (4, 8, 19) . Nonetheless, the animal's neurological status should be reevaluated eight weeks after surgery.
Another important factor that may influence the outcome of surgical treatment is the time between the first clinical manifestations of neurological deficits and surgery. Clinical information about the correlation between the duration of clinical signs and prognosis is not conclusive in dogs with disc extrusions. Some authors have suggested that this factor might influence the success rate (2, 5, 18) . In more recent studies (8, 9) , the duration of clinical signs did not seem to significantly affect the outcome. According to Ferreira et al. (9) , the duration of clinical signs had no significant influence on the clinical outcome. However, the highest number of unsuccessful cases belonged to groups where the symptom duration lasted between 2 and 6 d or more than 6 d. The mean time between the first symptoms and surgery was 6.7 d in this group. Furthermore, animals which had shown clinical signs for more than 6 d took significantly longer time to regain the ability to walk. In large breed dogs, a shorter duration of neurological dysfunction was associated with a successful outcome in one study (15) . The correlation between the postsurgical outcome and the duration of symptoms preoperatively has also been investigated by Polish scientists (22, 23) . According to Sterna and Burzykowski, neither the probability of recovery (23) , nor the time of recovery (22) correlated in a statistically significant way with the duration of symptoms prior to spinal surgery.
In our study, the s-s time was approximately six to eight times longer than in the above mentioned publications, which makes comparison of the results difficult. The statistical analysis showed that a successful outcome is more likely to occur when the s-s time is shorter. The study group presented in our experiment is unique regarding the chronicity of symptoms, and the reasons for the prolonged s-s time in our animal patients should be analysed. The s-s time depends on two parameters: the symptom-to-visit time and the visit-tosurgery time. Factors that could influence the first parameter are: a long-term treatment with conservative therapy by the referral doctor (often giving initial success and a later neurological deterioration), the reluctance of some veterinarians in Poland to refer patients to a specialised clinic, as well as the unwillingness of some owners to access a veterinary clinic. The visit-to-surgery time may have been prolonged due to the owners' indecision over carrying out the surgery, caused by fear of the operation on their pets or financial aspects. Although our study showed a correlation between the surgical treatment outcome and the s-s time, it is necessary to carry out the study on a larger group of patients. It may then be possible to divide the dogs into more homogenous subgroups depending on their age, breed, and body weight. In further studies, the efficacy of postoperative care and physiotherapy on the treatment result should be also analysed.
